Rationale: Peroneal nerve injury is one of the major complications that may occur after closing wedge high tibial osteotomy (CWHTO). In contrast, the reduced risk of the peroneal nerve injury has been considered as one of the advantages of opening wedge HTO (OWHTO).
Introduction
High tibial osteotomy (HTO) is one of the most frequently used surgical treatments for relatively young patients with medial compartmental knee osteoarthritis (OA) with varus deformity. [1] [2] [3] [4] [5] Among the several techniques used to perform HTO, medial opening wedge HTO (OWHTO) has recently become more popular. One of the reasons for this is that there is less risk of peroneal nerve injury during surgery compared to the lateral closing wedge HTO (CWHTO).
Peroneal nerve injury is one of the major complications that may occur after HTO such as correction loss, non-union of osteotomy site, hinge fracture, and early progression of OA. [6] Peroneal nerve injury can occur without clear surgical damage and confuses both the surgeon and the patient. While performing the CWHTO, concomitant fibular osteotomy or release of the proximal tibiofibular joint is necessary. [7] [8] [9] These surgical procedures increase the likelihood of peroneal nerve injury. [10, 11] Previously, it was revealed that there was peroneal nerve injury in 4% of patients who underwent CWHTO. [6] In contrast, there has been a lack of information on the rate of peroneal nerve injury while performing MOHTO in the literature. [6, [12] [13] [14] In the current report, we present a rare case of the deep peroneal nerve (DPN) palsy after OWHTO in a 61-year-old male patient who had medial knee OA with varus deformity.
We obtained informed written consent from the patient for reporting this case.
Case report
A 61-year-old male visited the outpatient clinic of our institute due to pain and swelling on his left knee. He had varus knee OA (Kellgren-Lawrence grade 4). Conventional radiographs showed medial joint space narrowing whereas the spaces of the lateral compartment and patellofemoral joint were relatively preserved. He had a varus malalignment of 12°of the lower limb. We decided to perform the OWHTO after explaining to the patient the advantages and disadvantages of the surgery. Under spinal anesthesia, we performed biplane OWHTO and used a locked plate to fix the osteotomy. The correction angle was 14°. The osteotomy gap was 15 mm and was filled with an allogenous chip bone graft (Fig. 1A) . The shape of the locked plate did not fully fit into the bone construct. Therefore, the plate was compressed to the cortical bone using a cortical screw inserted through the first distal screw hole. Even if we deducted the initial gap between the cortical bone and the plate from the screw length measured, the screw protruded 4 mm out from posterolateral cortex of the tibia (Fig. 1B) . However, we did not change the protruded cortical screw to the locking screw because the hole had no optional hole for the locking screw, and we were concerned about losing the fixation strength by changing the screw. At that time, we accepted the protrusion of the cortical screw because we thought that the protruding screw was placed somewhere in the posterolateral portion of the calf muscle.
Immediately after surgery, he was unable to extend his left big toe even if he could extend the ankle joint. When we checked the sensory of the dorsal surface of the foot, he had decreased sensation of the first web space. At this time, we were not sure whether the peroneal nerve was damaged or the symptoms were caused by the prolonged effect of spinal anesthesia. The day after surgery, we noticed that there was a high possibility of deep peroneal nerve injury. At this stage, we performed magnetic resonance imaging to detect lesion that might have compressed the DPN such as hematoma around the osteotomy site (Fig. 2) . However, there were no compressive lesions around the DPN, and thus we decided to perform a nerve conduction study (NCS) after a couple of weeks without urgent nerve exploration.
The NCS was performed on the 21 days after the surgery. The left common peroneal nerve motor conduction study recording Magnetic resonance imaging was performed to rule out hematoma formation around the osteotomy site. There was a lack of hematoma formation, and the screw tip was located within the soleus muscle.
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Medicine the extensor digitorum brevis showed decreased amplitudes (0.2 and 4.5 mV on the left and right sides, respectively) and delayed latency. Even if the NCS for the left deep peroneal sensory nerve showed no definite abnormality at this time, the combined results of the NCS and physical examination indicated severe axonotmesis in the left DPN. Thus, we were confident of the DPN damage and decided to change the screw to the shorter screw to remove any possible cause of nerve compression (Fig. 3) . The follow-up NCS was performed 42 days after the surgery. The left common peroneal nerve motor conduction study recording the extensor digitorum brevis showed decreased amplitudes (0.2 and 4.5 mV on the left and right sides, respectively) and delayed latency. The follow-up sensory NCS for the left DPN showed decreased amplitudes (2.1 and 5.1 mV on the left and right sides). The needle electromyography indicated positive sharp waves and fibrillation potentials at rest in the left extensor hallucis brevis and extensor digitorum brevis muscles. Single interference patterns in the left extensor hallucis longus were observed at maximal volition. The motor unit action potentials were not observed in the left extensor digitorum brevis at maximal volition. These electrodiagnostic studies were consistent with left deep peroneal neuropathy, at the level between the tibialis anterior and extensor hallucis longus, with moderate axonotmesis.
There were no improvements after the screw was changed until 6 months after the surgery. However, the symptoms gradually improved from 6 to 9 months after surgery. Even if the patient refused the follow-up electrodiagnostic study, the motor weakness and sensory reduction was completely recovered at 9 months after the surgery.
Discussion
Peroneal nerve injury could occur during CWHTO with concomitant fibular osteotomy or release of the proximal tibiofibular joint. [14] In contrast, many studies have shown that there was less risk of peroneal nerve injury after OWHTO. [6, 12, 13] In addition to the lower risk of peroneal nerve injury compared to CWHTO, as the fixation devices became more technologically advanced, OWHTO became more popular. [4, 5] Although OWHTO has been known to be safe from peroneal nerve injury, we experienced a case of DPN injury.
The DPN innervates the extensor muscle of the anterior compartment of the lower leg including tibialis anterior, extensor digitorum longus, extensor hallucis longus, peroneus tertius, and extensor digitorum brevis (Fig. 4) . In addition, the DPN provides a cutaneous innervation to the first web space of the foot dorsum. The DPN is bifurcated from the common peroneal nerve at the fibular neck and passes to the anterior compartment of the lower leg. The DPN is located beside the fascia that divides the anterior and lateral compartments at the proximal portion of the lower leg and descends along the lateral border of the tibia to end up anterior to the ankle joint. [15] Under the ankle level, DPN bifurcates to the lateral and medial branches, which provides cutaneous innervation to the 1st web space of the foot dorsum.
A few reports on DPN sole injury during orthopedic surgery have been published. Several authors warned of DPN injury at the distal level of the lower leg while performing the minimal invasive plate osteosynthesis technique for tibial shaft fractures. [16, 17] In a previous study, the location of the nerve at the distal level which is close to the lateral cortex of the tibia could be considered to be the causative factor of iatrogenic DPN injury. It was previously reported that the trunk of the DPN was in close relation to the fibular periosteum just until 6 cm from the fibular head. [11] At more than 6 cm distally, the DPN starts coursing across the interosseous membrane, and the DPN in a tibialrelated position at 11 cm distal to the fibular head (Fig. 4) . [18] In the current OWHTO case, the trunk of the DPN, which was close to the tibial cortex, was probably damaged because of long diaphyseal screws or the drill bit advanced farther from the lateral cortex of the tibia.
In contrast, it was revealed that the isolated extensor hallucis longus paralysis could occur while performing the fibular osteotomy in the proximal tibial osteotomy. [11, 18] In this previous anatomical study, the authors reported that there were many variations in motor supply of the extensor hallucis longus in terms of subdivision sites, course, and places of entry of nerve branches into the extensor hallucis longus. [11] The authors described an anatomical variant in which the nerve to the extensor hallucis longus was close to the fibula such that it was at risk of injury during a fibular osteotomy. [18] If there was an isolated motor branch injury, the sensory of the first web space of the foot dorsum would be normal. Therefore, checking the sensory of the first web space of the foot dorsum is important to clinically distinguish an isolated extensor hallucis longus motor branch injury with an injury of the DPN trunk. Furthermore, sensory deficits are usually detected later than motor deficits in electrodiagnostic studies, and a follow-up electrodiagnostic study is mandatory to distinguish the 2 types of injuries that showed the same clinical manifestation of a dropped big toe.
There are several limitations to be considered. First, this report consisted of only one case of DPN palsy after OWHTO. Additional reports are needed to corroborate this case report. Secondly, we did not perform surgical exploration of the DPN to confirm if the nerve was compressed by the protruded screw or injured by other causes such as damage while drilling to make screw holes. Thirdly, there was no follow-up electrodiagnostic study to confirm complete recovery of the injured DPN. However, we believe that, in clinical practice, physical examinations are sufficient to confirm whether the nerve recovered or not.
OWHTO has been known to be safe from peroneal nerve injury. However, considering the anatomical course of DPN, a great care should be taken to not cause damage to the DPN while drilling holes and inserting distal screws toward the posterolateral aspect of proximal tibia. 
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